An analysis was made of demographic data collected from a colony of Mongolian gerbils (Meriones unguiculatus).
the same stock, but has systematically outbred from the available gene pool. Complete records have been maintained so that complete genealogy is known since that time. These data not only provide knowledge of individual genealogy, but also furnish a large data base of basic information on reproductive success and lifespan ontogeny of fertility in the gerbil.
There are a number of published studies on breeding and reproduction in the gerbil, but some aspects of development and ontogenetic changes in fecundity have been controversial or were reported with insufficient data. For example, neonatal sex ratios have varied (Adams & Norris, 1973; Marston & Chang, 1965; Norris & Adams, 1972b; I 972c) . Also, the maximum fecundity by one female gerbil was reported to be 78 pups in 15 litters (Norris & Adams, 1982) . Since this report, as most papers, reported a specific experiment, there were relatively few subjects -36 normal females. To learn the extent of gerbil reproductivity it is necessary to analyse data collected over a long time period. Hence this comprehensive analysis of demographic data collected from 103 females over a 6 year period provides valuable insights into mechanisms of reproduction in gerbils, induding (i) reproductive success; (ii) length of gestation; and (iii) lifespan of fertility.
Materials and methods
Mongolian gerbils (Meriones unguiculatus), reared in the laboratory, original stock from Tumblebrook Farms, West Brookfield, MA, were kept on a 14 : 10 light: dark cycle with food (rabbit chow, millet, and cracked corn) and water available ad libitum. Cages had solid floors to retain pine shavings used for nesting. Mating was done by selective outbreeding. Most matings consisted of male/female pairs maintained throughout consecutive breeding cycles, but a few males were kept with 2 or 3 females. Cages had solid floors to facilitate nesting and to retain bedding material.
Each breeding cage was checked once daily for birth of pups. Date of birth and number of pups were recorded. The date and sex of pups at weaning were recorded except in those instances where the pups had been removed earlier for developmental research. Pups were weaned at 23-28 days (day of birth = 0).
Data were analysed with Biomedical Data Program package for histograms, analysis of variance, and correlation coefficients.
Results

Reproductive success
From 1976 to 1982, 103 female gerbils gave birth to 757 litters; a total of 3812 pups. This represents a mean of 5'1 pups per litter (range from 1 to 9). There were 1296 females and 1241 male pups weaned. The interval between litters ranged from 25 to 123 days (mean = 38,6 + 0,46 S.E.). If the mean number of litters per dam per year is calculated (9' 5) and multiplied by the mean number of pups per litter (5 '1), the mean number of pups per dam per year is estimated to be 48'5.
Length of gestation
The maximum duration of gestation in gerbils can be inferred from the number of days between litters. There were 4 litters born 25 days after birth of a prior litter or after mating (litters survived past weaning for 2 of these), and there were 17 litters born 26 days after a prior litter. However, in many cases implantation was delayed, even though postpartum mating occurred.
There was a significant correlation between the number of pups suckled and the length of gestation that occurred as a result of postpartum mating: interlitter intervals of 48 days or less (Norris & Adams, 1970 : r = 0'410, P<O·OOI. However, as copulation was observed in lactating gerbils 10 and 19 days postpartum the data were recalculated to include only those cases where the interlitter interval was 38 days or less: r = 0'467, P<O·OOI.
Whether or not gestation was delayed had no strong effect on the size of the subsequent litter; the correlation coefficient between interlitter interval and number of pups born was very weak (r = 0'117).
Lifespan of fertility
The earliest age at first parturition was 72 days. Thus female gerbils were fertile as young as 47 days. The oldest parturition with viable pups was to a female 26 months of age. The number of litters produced by anyone female gerbil ranged from 1 (often only mated for a short time) to 18 litters, and 42 females had 10 or more litters. Individual females were reproductive for up to 20 months. The most prolific female had 18 litters 241 in 19 months and delivered a total of 97 pups. Because all breeding pairs were not maintained throughout the time of fertility, it is not meaningful to determine average length of fertility.
There were 12 litters of 2-5 pups born to females over 22 months old. The pups of half these dams survived to weaning. Maximum length of survival was more than 4 years (2 male gerbils).
Reproduction was affected by aging in female gerbils in three ways ( Fig. I) : there were (i) fewer pups per litter born to older females (F = 11'56, P<O'OOO 1), (ii) fewer pups per litter with increasing parity (F = 9'62, P = 0'0001), and (iii) longer intervals between litters with increasing age (F = 2'17, P<0·02). The longer intervals were only observed in females 19-24 months of age. These data are supported by significant negative correlations between the number of pups born and either age of dam [r = -0'310, P<O'OOl] or parity [r = -0'277, P<O·OOl].
Discussion
Although the literature reports that gerbils are monogamous (Marston & Chang, 1965) , it is not strictly true. Male gerbils lived peacefully with 2 or 3 females, mating with each. However, when the females did not give birth within a few days of each other, the nonparturient female sometimes cannibalized pups. Gerbils can be peacefully established in living groups when they are less than 2 months of age. Older gerbils are very aggressive to conspecifics (Ginsburg & Braud, 1971; Norris & Adams, 1972a ). However, it is possible to mate an adult female gerbil (with or without prior sexual experience) with a nonfamiliar adult male provided the female is in behavioural oestrus and is introduced into the male's territory. Receptivity usually occurs if the genital area of the female appears reddened.
The gerbil, like other animals, recognizes appropriate stimuli via several receptor systems (Beach, 1947) . Therefore, although normal gerbils readily investigate (Cheal, 1978) and discriminate (Dagg & Windsor, 1971 ) conspecific odours, male gerbils continue mating after olfactory bulbectomy (Cheal & Domesick, 1979) . Even loss of information from two sensory systems has little effect on gerbil investigatory behaviour (Cheal et af., 1982) .
Sex ratios
Female to male sex ratios have varied in different colonies. Ratios at birth of more males than females (Marston & Chang, 1965; Adams & Norris, 1973) , or more females than males (Norris & Adams, 1972b; 1972c) are reported. However, there was higher male mortality in several cases resulting in equal number of males and females interlitter intervals for first parity, and because number of pups was not recorded in some cases when pups were removed for research on the day of birth. (Marston & Chang, 1965) or more females than males at weaning (Norris & Adams, 1972c) , as in this colony. The higher male mortality parallels what is reported in humans (Freedman, 1974; Tanner, 1978) , and is consistent with the suggestion that more females than males can be expected in populations where the relative mobility is about equal and the males can inseminate more than one female (Cannings & Orive, 1975) .
Reproductive success
These more extensive data basically support earlier data on the reproductive success of gerbils. The range of litter sizes (1 to 9) is similar to those reported previously (Adams & Norris, 1973; Marston & Chang, 1965; Norris & Adams, 1971) . Mean fecundity was greater in this colony than previously reported. A similar calculation of pups per dam per year shows 33'4 (Arrington, Beaty & Kelley, 1973) and 39,4 (Adams & Norris, 1973) in comparison to 48'3 in this colony. The lower reproductive rates were not associated with longer lactation since pups were removed at birth (Adams & Norris, 1973) or at 22-24 days (Arrington et a/., 1973) . It is doubtful that daylength affected reproductive rates, since neither gestation length nor litter size varied as a function of 10 vs 14 h days in white-footed mice (Beasley, Johnston & Zucker, 1981) . The lower rates could have been due to lack of drinking water. In heated laboratories, gerbils readily drink water and can be trained to respond for water reward (Cheal, unpublished observations) . It is also possible that breeding for productivity has resulted in more reproductive success over the past 10 years.
Length of gestation
Gestation reported here was 25-26 days using day of postpartum oestrus as day O. No shorter gestation was observed and delays in implantation due to suckling would not have occurred in the many cases where pups were removed at birth (Bagwell & Leavitt, 1974) . Although others have reported gestation periods of 24 days (Adams & Norris, 1973; Marston & Chang, 1965) , there is some confusion with timing of mating and birth. These data support previous evidence that gerbils have delayed implantation (Meckley & Ginther, 1972a; Norris & Adams, 1971 ) and that the delay is augmented by the presence of nursing pups (Marston & Chang, 1965; Norris & Adams, 1981 b) . Suckling-induced delay of subsequent progeny appears to be rather general in mammalian populations. Lactation causes delayed implantation in other rodents (Bruce & East, 1956; Hamilton, 1962) and also results in postpartum amenorrhoea in humans (Bongaarts, 1980) . Length of post-243 partum amenorrhoea with concomitant hyperprolactinaemia seems to be related to frequency of nursing in Caucasian and !Kung women (Konner & Worthman, 1980; Stem, Konner, Herman & Reichlen, 1982) . Therefore, when larger litters of gerbils are suckling, it may be that the resultant increase in suckling frequency is responsible for longer periods of delayed implantation. We also found a linear relationship between number of pups nursed and length of the subsequent gestation (Norris & Adams, 1981a) . Adams & Norris (1973) reported that when length of gestation was 'accurately known', larger litters were associated with shorter gestations in non-lactating females. In pregnancies reported here, that were followed by lactation, there was no strong effect of the length of gestation on the size of the subsequent litter. In fact, the low correlation was in the opposite direction of that reported by Norris & Adams (1981 b) . Although their correlation was statistically significant, it was also very low and even a t-test between the extremes (which would be biased towards the difference) is not significant. Thus, delayed implantation may be used as a mechanism to conserve energy in the lactating female, so that the developing litter may receive nourishment at less expense to the dam (Woodside, Wilson, Chee & Leon, 1981) . The presence of a litter did not prevent subsequent behavioural oestrus as has been reported previously (Meckley & Ginther, 1972a; Norris & Adams, 1981a) . Copulation by lactating females was observed on occasion 10 and 19 days postpartum.
Lifespan of fertility
Healthy gerbils reproduced in this laboratory as young as 72 days and as old as 26 months. For the gerbil that gave birth at 72 days, first oestrus must have occurred by 47 days; over a week earlier than the nine to twelve weeks that Marston & Chang (1965) report as the age of sexual maturity in female gerbils. Clark and Galef (1980) reported a mean age of first parturition of 108'8 + 7 days if the gerbils were reared in a laboratory cage with light during the day. Computation of a mean age of first parturition in this colony would not be meaningful since the gerbils were mated at various ages.
These data show that one female can have up to 18 litters during her lifetime. This is not just one isolated example, as there were 42 females that had 10 or more litters and 9 females had 15 or more litters, even though the data are skewed to fewer litters per dam because of practices used to maintain colony efficiency. The most fecund females reported earlier had 10 litters (Marston & Chang, 1965) , 12 litters (Arrington et al., 1973) , or 15 litters (Norris & Adams, 1982) . The gerbils with earliest parturition were not penalized in terms of later fertility. In fact, 5 of the earliest parturients were among the gerbils who bore the most litters, and 9 were among the oldest to reprodu«e.
There was a significant decrease in litter size with increasing age of the dam. Although early reports suggested that there was not a decrease (Marston & Chang, 1965) , more recent reports suggest that it is only when gerbils are maintained for most of their reproductive life that the decrease in litter size is apparent (Adams & Norris, 1973; Norris & Adams, 1982) .
Not surprisingly, considering the correlation between age and parity, a significant decrease in litter size with increasing parity was also shown. Although Adams & Norris (1973) reported no change in litter size with increasing parity to the sixth parturition, they also found decreasing litter size after the eleventh litter (Norris & Adams, 1982) .
